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(54) THERMAL ACOUSTIC ENGINE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a thermal acoustic 
engine capable of excellently securing silence and reliability. 
SOLUTION: This thermal acoustic engine 20 has a columnar 
gas pipe 21 sealed with a working fluid, and a heat 
accumulator 25 arranged in the columnar gas pipe 21, and 
generates thermal acoustic self-excited vibration of the 
working fluid, by forming a temperature gradient between both 
end parts of the heat accumulator 25. The thermal acoustic 
engine 20 has a working fluid pipe L4, an opening-closing 
valve 28, a pump 29, a working fluid storage tank 30, a moving 
pipe 31 and an actuator 32 for changing pressure amplitude of 
the thermal acoustic self-excited vibration. The opening- 
closing valve 28, the pump 29 and the actuator 32 are 
controlled so that the pressure amplitude is kept in an 
allowable range by an ECU 40. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In a heat sound engine which has an air column pipe with which a working fluid is enclosed, and a 
thermal storage means arranged inside this air column pipe, forms a temperature gradient among both 
ends of said thermal storage means, and is made to generate heat sound self^excited vibration of said 
working fluid, 

A pressure amplitude detection means to detect pressure amplitude of said heat sound self^excited 
vibration, 

A pressure amplitude setting-out means by which said pressure amplitude can be changed, 

A judging means which judges whether a detection value of said pressure amplitude detection means 

is over a predetermined threshold, 

A heat sound engine provided with a control means which controls said pressure amplitude 
setting-out means so that said pressure amplitude is maintained in tolerance level based on a decision 
result of said judging means. 
[Claim 2] 

The heat sound engine according to claim 1 characterized by a thing of noise to which said threshold 
originates in said heat sound self^excited vibration, and a resisting pressure limit of said air column 
pipe defined based on either at least. 
[Claim 3] 

A means by which said pressure amplitude setting-out means changes a mean pressure of said 
working fluid, A means to change frequency of said heat sound sell^excited vibration. The heat sound 
engine according to claim 1 or 2 combining two or more any of the means to change load of a means 
and a heat sound engine to which a temperature gradient formed among both ends of said thermal 
storage means is changed, one, or these means. 
[Claim 4] 

The heat sound engine according to any one of claims 1 to 3, wherein it has further a 
high-temperature-heat exchanger arranged at the end side of said thermal storage means and this 
high-temperature-heat exchanger makes exhaust gas of an internal-combustion engine a heat source. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention forms a temperature gradient among the both ends of the thermal storage means 
arranged in an air column pipe, and relates to the heat sound engine made to generate the heat sound 
self^excited vibration of the working fluid in an air column pipe. 
[Background of the Invention] 
[0002] 

The freezer using a heat sound phenomenon is proposed from the former (for example, refer to patent 
documents 1.). This freezer is provided with piping with which a gas is enclosed, the stack which it 
has been arranged inside this piping and inserted by the elevated-temperature side heat exchanger 
and the low temperature side heat exchanger, and this stack and the regenerator arranged at the 
unsymmetrical position with the elevated-temperature side heat exchanger and the low temperature 
side heat exchanger. By forming a temperature gradient among the both ends of a stack, this freezer 
generates a gaseous self-excited vibration in a stack, and cool storage is carried out to regenerator by 
propagation of the standing wave and progressive wave which are acquired by it 
[0003] 

The device which collects the exhaust heat of an internal-combustion engine using a heat sound 
phenomenon is also proposed from the former (for example, refer to patent documents 2.). This device 
is provided with the resonance tube connected! to,the catalytic converter for exhaust air purification 
of an internal-combustion engine, the stack provided in one end of this resonance tube, and the 
transducer provided in the other end of the resonance tube. In this device, the end of a stack is 
heated with the heat emitted from a catalytic converter, and a temperature gradient is given among 
the both ends of a stack. Thereby, a sound wave occurs in a stack and the energy of a sound wave is 
changed into electrical energy by the transducer. 
[0004] 

[Patent documents 1] The patent No. 3015786 gazette 
[Patent documents 2] JP,2002-122020,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0005] 

OK, as mentioned above, it becomes possible by using a heat sound phenomenon to collect the 
exhaust heat (waste heat) of an internal-combustion engine about cold energy, without using a 
compressor, chlorofluocarbon, etc. However, when putting the device using a heat sound phenomenon 
in practical use. there are also many issues which should be solved and they also fully need to secure 
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the silence and reliability at the time of generating the heat sound selFexcited vibration of a working 

fluid, and obtaining output power of sound. 

[0006] 

Then, this invention aims at offer of the heat sound engine which can secure silence and reliability 
good. 

[Means for Solving the Problem] 
[0007] 

This invention has an air column pipe with which a working fluid is enclosed, and a thermal storage 
means arranged inside this air column pipe, and, as for a heat sound engine by this invention, is 
characterized by that a heat sound engine which forms a temperature gradient among both ends of a 
thermal storage means, and is made to generate heat sound self-excited vibration of a working fluid 
comprises the following. 

A pressure amplitude detection means to detect pressure amplitude of heat sound self-excited 
vibration. 

A pressure amplitude setting-out means by which pressure amplitude can be changed. 

A judging means which judges whether a detection value of a pressure amplitude detection means is 

over a predetermined threshold. 

A control means which controls a pressure amplitude setting^out means so that pressure amplitude is 
maintained in tolerance level based on a decision result of a judging means. 

[0008] 

In this heat sound engine, pressure amplitude of sell^excited vibration of a working fluid by which it is 
generated within an air column pipe by a pressure amplitude detection means is detected, and it is 
judged whether a detection value of a pressure amplitude detection means is over a predetermined 
threshold by a judging means. And according to a decision result of a judging means, a pressure 
amplitude setting-out means is controlled by a control means, and. thereby, pressure amplitude of 
heat sound self^excited vibration is maintained in tolerance level. As a result, since it can control that 
pressure amplitude of sell^excited vibration becomes large superfluously in this heat sound engine, 
Noise at the time of generating heat sound sel^excited vibration of a working fluid, and obtaining 
output power of sound is controlled, and it becomes possible to make a resisting pressure burden of 
various components including an air column pipe ease, and to raise endurance. 
[0009] 

In this case, when the above-mentioned threshold is determined as a resisting pressure limit of noise 
and an air column pipe resulting from heat sound self^excited vibration based on either at least it is 
preferred. 
[0010] 

A means by which a pressure amplitude setting-out means changes a mean pressure of a working 
fluid, It is desirable when two or more any of the means to change load of a means to change 
frequency of heat sound self-excited vibration, a means to change a temperature gradient formed 
among both ends of a thermal storage means, and a heat sound engine, one, or these means are 
combined. 
[0011] 

That is, pressure amplitude of heat sound seH^excited vibration can be kept easily and certain in 
tolerance level by changing any at least one of the loads of a temperature gradient formed between a 
mean pressure of a working fluid, frequency of self-excited vibration, and both ends of a thermal 
storage means, and a heat sound engine. 
[0012] 

For example, a pressure amplitude setting-out means is good in it being a means to move a working 
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fluid between this working-fluid storage means and an air column pipe, and to change a mean pressure 
of a working fluid in an air column pipe including a working-fluid storage means which stores a working 
fluid. A pressure amplitude setting-out means may contain a resonator and a means to change 
pipeline length of a resonator. When a working fluid is the mixing fluid with which two or more fluids 
were mixed, a means in which re-supply is possible may be individually adopted as an inside of an air 
column pipe for two or more fluids which collected working fluids in an air column pipe, made divide 
into two or more fluids as a pressure amplitude setting-out means, and were made to separate. 
[0013] 

And a heat sound engine by this invention is further provided with a high-temperature-heat exchanger 
arranged at the end side of a thermal storage means, and this high-temperature-heat exchanger is 
preferred in it being what makes exhaust gas of an internal-combustion engine a heat source. This 
becomes possible using a heat sound engine to collect exhaust heat of an internal-combustion engine 
efficiently. 

[Effect of the Invention] 
[0014] 

According to this invention, it becomes realizable [ the heat sound engine which can secure silence 
and reliability good ]. 

[Best Mode of Carrying Out the Invention] 
[0015] 

Hereafter, the best gestalt for carrying out this invention is explained in detail, referring to drawings. 
[A 1 st embodiment] 

Drawing 1 is an outline lineblock diagram showing a 1st embodiment of the heat sound engine by this 
invention. As shown in the figure, the heat sound engine 20 is applied to the internal-combustion 
engine 1 used, for example as a source of a running drive of vehicles. First, if the internal-combustion 
engine 1 which is an applied object of the heat sound engine 20 is explained briefly, this internal- 
combustion engine 1 will burn the gaseous mixture of fuel and air inside the combustion chamber 3 
formed in the cylinder block 2, will carry out reciprocation moving of the piston 4 in the combustion 
chamber 3, and will generate power. 
[0016] 

The inlet port of the combustion chamber 3 is connected to the inlet manifold 5, and the exhaust port 
of the combustion chamber 3 is connected to the exhaust manifold 6. The exhaust valve Ve, the spark 
plug 7. and the injector 8 which open and close the inlet valve Vi which opens and closes an inlet port, 
and an exhaust port are allocated by the cylinder head of the internal-combustion engine 1 every 
combustion chamber 3. The inlet manifold 5 is connected to the surge tank 9. and the feed pipe L1 is 
connected to the surge tank 9. And the feed pipe L1 is connected to the air-intake which is not 
illustrated via the air cleaner 10. The throttle valve 1 1 is included in the halfway (between the surge 
tank 9 and the air cleaners 10) of the feed pipe LI. On the other hand, the exhaust manifold 6 is 
connected to the exhaust pipe L2, and the preceding paragraph catalyst device 1 2a and the 
latter-part catalyst device 1 2b are built into the exhaust pipe L2. 
C001 7] 

The heat sound engine 20 of this invention is used in order to collect the exhaust heat of the above 
internal-combustion engines 1. The heat sound engine 20 has the air column pipe 21 formed so that it 
might have a circular section with stainless steel etc., and a working fluid (inactive gas) called the 
mixed gas of nitrogen, helium, argon, helium, and argon is enclosed with the inside of this air column 
pipe 21. The air column pipe 21 is provided with the following. 

The- loop oart 22 formed in general in rectangle lo ooed shape as shown in drawing 1. 
The resonance portion 23 connected to one corner part of the loop part 22. 

The resonance portion 23 functions as a resonator including the loop part 22. the tube part 23a which 
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has a circular section of an equal diameter in general, and the closed end part 23b connected at the 
tip of the tube part 23a. The diameter of it is gradually expanded as the closed end part 23b goes to a 
closed end from the tip of the tube part 23a, and the transducer (a sound/electrical transducing 
means) 24 which changes the energy (sound energy) of a sound wave into electrical energy is 
arranged at the closed end of the closed end part 23b. Transducer TD is connected to the 
production-of-electricity controller 24. and the production of electricity of transducer TD is set up by 
this production-of-electricity controller 24. 
[0018] 

Inside the loop part 22 of the air column pipe 21, the heat accumulator (thermal storage means) 25 is 
arranged. The heat accumulator 25 carries out two or more owners of the narrow channel which 
extends in the shaft orientations of the air column pipe 21 and parallel in an arrangement part The 
nonwoven fabric etc. which gathered metal textiles, such as what arranged the thin mesh which 
consists of a honeycomb structured body which consists of ceramics etc., stainless steel, etc. as the 
heat accumulator 25 with the minute space, and stainless steel, are employable. The 
high-temperature-heat exchanger 26 adjoins and is arranged at the one end side of this heat 
accumulator 25, and the low-temperature heat exchanger 27 adjoins and is arranged at the other end 
side of the heat accumulator 25. That is, the heat accumulator 25 is arranged in the state where it 
was inserted between the high-temperature-heat exchanger 26 and the low-temperature heat 
exchanger 27. 
[0019] 

The exhaust gas which circulates the exhaust pipe L2 of the internal-combustion engine 1 is supplied 
to the heat exchanger tube which constitutes the high-temperature-heat exchanger 26, and the 
highH:emperature-heat exchanger 26 makes the exhaust gas of the internal-combustion engine 1 it 
with a heat source. According to this embodiment, the high-temperature-heat exchanger (the heat 
exchanger tube) 26 is included in the exhaust pipe L2 between the preceding paragraph catalyst 
device 12a and the latter-part catalyst device 12b. The heat exchanger tube which constitutes the 
low-temperature heat exchanger 27 is built into the cooling system L3 of the internal-combustion 
engine 1. and the low-temperature heat exchanger 27 makes the cooling system L3 the heat source 
(heat sink) of the circulating cooling water. The refrigerant introducing valve 14 which is an opening 
and closing valve or a flow control valve is contained in the cooling system L3, and the amount of 
supply of the cooling water to the low-temperature heat exchanger (that heat exchanger tube) 27, etc. 
can be changed to it by controlling this refrigerant introducing valve 1 4. 
[0020] 

The working-fluid storage tank (working-fluid storage means) 30 is connected to the air column pipe 
21 (this embodiment tube part 23a) of the heat sound engine 20 at halfway via the working-fluid pipe 
L4 which has the opening and closing valve (normal close) 28 and the pump 29. The working-fluid 
storage tank 30 stores the same fluid as the working fluid enclosed with the inside of the air column 
pipe 21 under specified pressure. Therefore, the opening and closing valve 28 is opened, and by 
operating the pump 29, the working fluid in the working-fluid storage tank 30 can be introduced into 
the inside of the air column pipe 21, and the pressure (mean pressure) of the working fluid in the air 
column pipe 21 can be heightened. When the pressure (mean pressure) of the working fluid in the air 
column pipe 21 is to some extent high, by opening the opening and closing valve 28, a working fluid 
can be returned to the working-fluid storage tank 30 from the air column pipe 21, and the pressure 
(mean pressure) of the working fluid in the air column pipe 21 can be reduced. That is, the 
working-fluid pipe L4, the opening and closing valve 28, the pump 29. and the working-fluid storage 
tank 30 function as a means to change the mean pressure of the working fluid in the air column pipe 
21. 

[0021] 
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The move pipe 31 which has an outer diameter smaller than the inside diameter of the tube part 23a 
inside the tip of the tube part 23a of the resonance portion 23 is arranged slidably. And the actuator 
(fluid pressure cylinder) 32 for moving the move pipe 31 to the inside of the closed end part 23b in 
parallel with the tube part 23a is arranged. The actuator 32 is connected to the source of a fluid which 
is not illustrated via the opening and closing valve 33, and the pipeline length of the resonance portion 
23 can be changed by operating the opening and closing valve 33 and operating the actuator 32. 
Therefore, these move pipes 31 and actuators 32 function as a means to change the resonance 
frequency of the working fluid in the air column pipe 21. 
[0022] 

And the heat sound engine 20 contains the electronic control unit (henceforth "ECU ) 40 which 
functions as a control means. Each ECU40 contains CPU, ROM and RAM which are not illustrated, 
input/output port, memory storage, etc. The production-of-electricity controller 24 grade of the 
refrigerant introducing valve 14 of the above-mentioned cooling system L3. the opening and closing 
valve 28 of the working-fluid pipe L4 and the pump 29, the opening and closing valve 33 for actuator 
32, and transducer TD is connected to the input/output port of ECU40. respectively, and these are 
controlled by ECU40. The pressure sensor 34 is installed near the terminal area of the loop part 22 
and the resonance portion 23 by the air column pipe 21 of the heat sound engine 20. This pressure 
sensor 34 is also connected to ECU40. and the sensor 34 concerned detects the pressure of the 
working fluid in the air column pipe 21. and gives the signal which shows a detection value to ECU40. 

[0023] . , 

After the internal-combustion engine 1 is operated and the exhaust gas from the combustion chamber 
3 passes the preceding paragraph catalyst device 12a. the heat sound engine 20 constituted as 
mentioned above will start an operation, if it comes to pass the high-temperature-heat exchanger 26 
of the heat sound engine 20. In this case, since the temperature of the exhaust gas which passed the 
preceding paragraph catalyst device 12a amounts to about 900 ** at the best, with the circulating 
exhaust gas. the end part of the heat accumulator 25 is heated and carries out temperature up of the 
high-temperature-heat exchanger 26. On the other hand, since the cooling water of the cooling water 
(about 80-100 **) which circulates the cooling system L3 is supplied to the low-temperature heat 
exchanger 27 of the heat sound engine 20. the other end of the heat accumulator 25 is cooled with 
the cooling water which circulates the low-temperature heat exchanger 27. As a result, a big 
temperature gradient is formed among the both ends of the heat accumulator 25. it originates in this, 
and the heat sound self-excited vibration (sound wave) of a working fluid occurs. 
[0024] 

Thus, when the frequency of the self-excited vibration (sound wave) of the working fluid by which it is 
generated and the resonance frequency in the resonance portion 23 are in agreement, a standing 
wave is formed in the resonance portion 23. In the loop part 22, the progressive wave which advances 
from the low-temperature heat exchanger 27 to the high-temperature-heat exchanger 26 is formed. 
And the vibration portion of transducer TD arranged at the closed end part 23b is excited by the 
standing wave formed in the resonance portion 23. The electrical energy obtained by transducer TD 
changing the energy (sound energy) of the standing wave in the resonance portion 23 into electrical 
energy is supplied to predetermined electric load via the production-of-electricity controller 24. 
Thereby according to the heat sound engine 20 of this invention, the exhaust heat of the internal- 
combustion engine 1 can be collected efficiently, and the electric power for predetermined electric 
load can be obtained. Instead of arranging transducer TD to the resonance portion 23. the unit of a 
heat accumulator, a high-temperature-heat exchanger, and a low-temperature heat exchanger may be 
arranged to the loop part 22. and the unit concerned may be operated as a freezer using the energy of 
the exhaust heat collected with the heat sound engine 20. 
[0025] 
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Now, although use of the above heat sound phenomena enables it to collect the exhaust heat (waste 
heat) of the internal-combustion engine 1 good, when putting the device using a heat sound 
phenomenon in practical use, it is necessary to also fully secure the silence and reliability at the time 
of generating the heat sound self-excited vibration of a working fluid, and obtaining output power of 
sound. That is, when obtaining output power of sound from a heat sound engine and the pressure 
amplitude of the self-excited vibration of a working fluid becomes large superfluously, the problem of 
noise and the problem that the pressure of a working fluid will approach resisting pressure limits, such 
as an air column pipe, and will reduce the endurance of an air column pipe etc. may arise. For this 
reason, in the heat sound engine 20 of this embodiment, the pressure amplitude control routine shown 
in drawing 2 is performed in order to maintain the pressure amplitude of the self-excited vibration of a 
working fluid in tolerance level. 
[0026] 

Repeat execution of the pressure amplitude control routine shown in drawing 2 is carried out by 
ECU40 every predetermined time. If ECU40 becomes the timing which performs a pressure amplitude 
control routine, it will compute pressure amplitude P Q of the working fluid which carries out 
self-excited vibration within the air column pipe 21 based on the signal sent from the pressure sensor 
34 (S10, S12). In this case. ECU40 acquires the maximum pressure and minimum pressure of a 
working fluid which carry out self^excited vibration within the air column pipe 21 in S10 based on the 
signal from the pressure sensor 34. and calculates pressure amplitude P Q of the working fluid in the air 
column pipe 21 from such maximum pressures and minimum pressure in S12. 
[0027] 

If pressure amplitude P Q of the working fluid in the air column pipe 21 is calculated, it will be judged 
whether ECU40 is more than allowable pressure amplitude P A as which pressure amplitude P Q is 
determined beforehand (S14). Allowable pressure amplitude P A used here is defined based on the 
permissible noise resulting from heat sound self-excited vibration, the resisting pressure limits of the 
air column pipe 21 , or these both sides, and is beforehand stored in memory storage. And when it is 
judged that ECU40 is more than allowable pressure amplitude P A as which pressure amplitude P Q is 
beforehand determined in SI 4. pressure amplitude reduction processing in which pressure amplitude 
P 0 of the working fluid in the air column pipe 21 is decreased is performed (S16). According to this 
embodiment, any of the processings of following (1) - (4) or one or more are performed as pressure 
amplitude reduction processing of S16. 
[0028] 

(1) Mean-pressure fall processing 

This mean-pressure fall processing decreases pressure amplitude P_ of the working fluid which 
carries out self-excited vibration by reducing the mean pressure of the working fluid in the air column 
pipe 21. In this case, if it judges that ECU40 is more than allowable pressure amplitude P A as which 
pressure amplitude P 0 is beforehand determined in S14, Only predetermined time or the time 
according to the deviation of pressure amplitude P Q and allowable pressure amplitude P A makes the 
opening and closing valve 28 of the working-fluid pipe L4 open wide (S16). By this, since the working 
fluid in the air column pipe 21 is returned in the working-fluid storage tank 30 via the working-fluid 
pipe L4. the pressure (mean pressure) of the working fluid in the air column pipe 21 will decline. 
[0029] 

Mean-pressure Pm (the average value of the pressure of the working fluid which carries out 
self-excited vibration, i.e.. the average with a maximum pressure and minimum pressure) and pressure 
amplitude P Q of a working fluid which carry out self-excited vibration here, It has correlation as shown 
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in drawing 3 , and if mean-pressure Pm falls, pressure amplitude P Q will also decrease according to it 
Therefore, it becomes possible by returning the working fluid in the air column pipe 21 in the 
working-fluid storage tank 30, and reducing the mean pressure of the working fluid in the air column 
pipe 21 to decrease pressure amplitude P Q of the working fluid which carries out self-excited 

vibration. 
[0030] 

(2) Resonance frequency change processing 

This resonance frequency change processing decreases pressure amplitude P Q of the working fluid 
which carries out self-excited vibration by raising the resonance frequency of the working fluid in the 
air column pipe 21. In this case, if it judges that ECU40 is more than allowable pressure amplitude P A 
as which pressure amplitude P 0 is beforehand determined in S14. the actuator 32 will be operated so 
that the move pipe 31 may move only the specified quantity towards the loop part 22 (S16). Since the 
pipeline length of the resonator constituted by the tube part 23a and the closed end part 23b is 
shortened by this and the resonance frequency of the working fluid in the air column pipe 21 
increases, according to it, pressure amplitude P Q of the working fluid which carries out self-excited 

vibration will decrease. 
[0031] 

(3) Temperature gradient change processing 

This temperature gradient change processing decreases pressure amplitude P 0 of the working fluid 
which carries out self-excited vibration by making small the temperature gradient formed among the 
both ends of the heat accumulator 25 of the high-temperature-heat exchanger 26 and the 
low-temperature heat exchanger 27. In this case, if it judges that ECU40 is more than allowable 
pressure amplitude P A as which pressure amplitude P Q is beforehand determined in S14. The 
refrigerant introducing valve 14 provided in the cooling system L3 is controlled, and supply of the 
cooling water to the low-temperature heat exchanger (the heat exchanger tube) 27 is stopped, or the 
amount of supply of cooling water is decreased. By this, since the refrigeration capacity of the heat 
accumulator 25 by the low-temperature heat exchanger 27 will decline, pressure amplitude P Q of the 
working fluid which the temperature gradient formed among the both ends of the heat accumulator 25 
becomes small, and carries out self-excited vibration as a result will decrease. 
[0032] 

(4) Acoustic load change processing 

This acoustic load change processing decreases pressure amplitude P Q of the working fluid which 
carries out self-excited vibration by carrying out the increase of the production of electricity (the 
amount of cold energy by the freezer concerned when the heat sound freezer is arranged at the loop 
part 22 grade) of transducer TD. In this case, if it judges that ECU40 is more than allowable pressure 
amplitude P A as which pressure amplitude P Q is beforehand determined in S14, a predetermined 
control signal will be given so that the production of electricity of transducer TD may be made to 
increase to the production-of-electricity controller 24 (S16). Thus, it becomes possible also by 
carrying out the increase of the load of the heat sound engine 20 to decrease pressure amplitude P 0 
of the working fluid which carries out self-excited vibration. 

[0° 33 3 . ..nut 

Thus, if it becomes in the heat sound engine 20 more than allowable pressure amplitude P A as which 

pressure amplitude P 0 is determined beforehand, in order to reduce pressure amplitude P Q of the 

working fluid which carries out self-excited vibration, (1) Any of mean-pressure fall processing, (2) 
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resonance-frequency change processing, (3) temperature-gradient change processing, and the (4) 
acoustic-load change processings or one or more are performed. Thereby, the pressure amplitude of 
heat sound self-excited vibration is always maintained in tolerance level, and it can control that the 
pressure amplitude of self-excited vibration becomes large superfluously. Therefore, in the heat sound 
engine 20, the noise at the time of generating the heat sound self-excited vibration of a working fluid, 
and obtaining output power of sound is controlled, and it becomes possible to make the resisting 
pressure burden of various components including the air column pipe 21 ease, and to raise endurance. 
[0034] 

In order to change the resonance frequency of a working fluid, the resonance portion of the air column 
pipe 21 may be constituted as shown in drawing 4 . The resonance portion 23A of drawing 4 contains 
the movable chamber 23c arranged in the closed end part 23b which stands in a row in the tube part 
23a and the tube part 23a. and the closed end part 23b. The movable chamber 23c is supported inside 
the closed end part 23b, enabling free rotation, and has the one opening 23d. Thereby, the channel 
formed between the inside of the movable chamber 23c. and the inner surface of the closed end part 
23b and the outside surface of the movable chamber 23c opens each other for free passage via the 
opening 23d of the movable chamber 23c. And the movable chamber 23c is rotated by forward and 
backward directions inside the closed end part 23b by the driving means which is not illustrated via 
rack-and-pinion RP which consists of the rack R and the pinion P. 
[0035] 

Under such composition, the pipeline length of the resonator constituted by the tube part 23a. the 
closed end part 23b. and the movable chamber 23c can be changed by rotating the movable chamber 
23c inside the closed end part 23b. and changing the position of the opening 23d. Therefore, even if it 
uses the resonance portion 23A of drawing 8. it becomes possible to raise the resonance frequency of 
the working fluid in the air column pipe 21 , and to decrease pressure amplitude P Q of the working fluid 
which carries out self-excited vibration. 
[0036] 

[A 2nd embodiment] , 

Hereafter the heat sound engine of the internal-combustion engine concerning a 2nd embodiment ot 
this invention is explained, referring to drawing 5 - drawing 7. The same reference mark is given to the 
same element as what was explained in relation to a 1st above-mentioned embodiment, and the 
overlapping explanation is omitted. 

The heat sound engine 20A shown in drawing 5 also has the same composition fundamentally with the 
heat sound engine 20 of a 1st embodiment It is applied to the internal-combustion engine 1 which 
burns the gaseous mixture of fuel and air inside the combustion chamber 3 formed in the cylinder 
block 2 carries out reciprocation moving of the piston 4 in the combustion chamber 3. and generates 
power in this heat sound engine 20A. the mixed gas of helium and argon is used as a working fluid. 
And the heat sound engine 20A is constituted so that the mixture ratio of helium and argon in the 
working fluid which is mixed gas of helium and argon can be changed. 
[0038] 

That is the fluid decollator 50 is connected to the air column pipe 21 (this embodiment tube part 23a) 
of the heat sound engine 20 via the working-fluid collection pipe L5 which has the pump 35 which can 
suck out a working fluid and the working-fluid introduction valve (opening and closing valve) 36 in the 
air column pipe 21. This fluid decollator 50 is provided with the following. 
The container 51 which can store a fluid in an inside. 

The demarcation membrane 52 which divides the building envelope of the container 51 into the two 
fluid reservoir rooms 51 A and 51 H. 
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[0039] 

The above-mentioned working-fluid collection pipe L5 is connected to one fluid reservoir room 51 A of 
the container 51. And this fluid reservoir room 51 A is connected with the air column pipe 21 (this 
embodiment tube part 23a) via fluid introducing pipe L6 which has the 1 st supply valve (opening and 
closing valve) 53. The fluid reservoir room 51 H of another side of the container 51 is connected with 
the air column pipe 21 (this embodiment tube part 23a) via the fluid introducing pipe L7 which has the 
2nd supply valve (opening and closing valve) 54. The above-mentioned pump 35. the working-fluid 
introduction valve 36, and the 1 st and 2nd supply valves 53 and 54 are connected to the input/output 
port of ECU40, respectively, and these are controlled by ECU40. And these pumps 35, the 
working-fluid introduction valve 36, the working-fluid collection pipe L5. the fluid decollator 50. the 1st 
and 2nd supply valves 53 and 54. fluid introducing pipe L6. and L7 function as a means to change the 
mixture ratio of helium in the working fluid in the air column pipe 21 , and argon. 
[0040] 

The demarcation membrane 52 into which the inside of the container 51 is divided can pass only 
helium in a working fluid, and can be made to separate from argon, this embodiment — as the 
demarcation membrane 52 — polyimide. cellulose acetate, and poly — a null — the film of the 
porosity nature formed of FEN. polyamide. polyether imide, etc. is adopted. While the demarcation 
membrane 52 formed of any of such materials they are regulates passage of argon (molecular weight 
40) whose molecular weight is comparatively large, it permits passage of helium (molecular weight 4) 
with a small molecular weight compared with argon. As the demarcation membrane 52. it has many 
about 0.3-1 .0-nm minute holes, and the porous glass hollow fiber film which can be condensed about 
500 times may be adopted to nitrogen in helium. 
[0041] 

Also in the heat sound engine 20A constituted in this way. the pressure amplitude control routine of 
drawing 2 explained by ECU40 in relation to a 1st embodiment is performed in order to maintain the 
pressure amplitude of the self-excited vibration of a working fluid in tolerance level. And when it is 
judged that it is more than allowable pressure amplitude P A as which pressure amplitude P Q of the 
working fluid which carries out self-excited vibration within the air column pipe 21 is beforehand 
determined in the heat sound engine 20A. As pressure amplitude reduction processing for decreasing 
pressure amplitude P 0 , mixture ratio change processing shown in drawing 6 may be performed. 

[0042] 

The mixture ratio change processing shown in drawing 6 decreases pressure amplitude P Q of the 
working fluid which carries out self-excited vibration by changing the mixture ratio of helium and argon 
in the working fluid in the air column pipe 21 . In this case, if it judges that ECU40 is more than 
allowable pressure amplitude P A as which pressure amplitude P Q is beforehand determined in S14, 
The working-fluid introduction valve 36 of the working-fluid collection pipe L5 is made to open wide, 
and (S20) only predetermined time operates the pump 35 of the working-fluid collection pipe L5 (S22). 
And when only predetermined time operates the pump 35. ECU40. the 1st supply valve (Ar supply 
valve) 53 of fluid introducing pipe L6 that connects the tube part 23a of the air column pipe 21 and 
the fluid reservoir room 51 A which stores argon is closed — making (it maintains to eyelid completely 
closure). Only the time according to pressure amplitude P Q which acquired the 2nd supply valve 
(helium supply valve) 54 of the fluid introducing pipe L7 which connects the tube part 23a of the air 
column pipe 21 and the fluid reservoir room 51 H which stores helium by predetermined time or S12 is 
made to open wide (S24). 
[0043] 

Here, between the ratio of argon in a working fluid, and the resonance frequency of the working fluid 
which carries out self-excited vibration, the more correlation as shown in drawing 7 is accepted and 
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the ratio of argon in a working fluid falls, the more the resonance frequency of the working fluid in the 
air column pipe 21 will increase. By the mixture ratio change processing (S24) of drawing 6 t herefore, 
by carrying out specified quantity introduction of the helium (accepting it) inside the air column pipe 
21 from the fluid decollator 50 (fluid reservoir room 51 H) via fluid introducing pipe L6, The resonance 
frequency of the working fluid in the air column pipe 21 can be raised, and pressure amplitude P Q of 

the working fluid which carries out self^excited vibration can be decreased. 
[0044] 

As a result, it can control that always maintain the pressure amplitude of heat sound self-excited 
vibration in tolerance level, and the pressure amplitude of self-excited vibration becomes large 
superfluously also with the heat sound engine 20A concerning a 2nd embodiment. Therefore, also in 
the heat sound engine 20A, the noise at the time of generating the heat sound self-excited vibration 
of a working fluid, and obtaining output power of sound is controlled, and it becomes possible to make 
the resisting pressure burden of various components including the air column pipe 21 ease, and to 
raise endurance. In the heat sound engine 20A concerning a 2nd embodiment, it cannot be 
overemphasized that the temperature gradient change processing and acoustic load change 
processing which were explained in relation to a 1 st embodiment may be performed. 
[Brief Description of the Drawings] 
[0045] 

[Drawing H it is an outline lineblock diagram showing a 1st embodiment of the heat sound engine by 
this invention. 

[Drawing 2] It is a flow chart for explaining the procedure which controls the pressure amplitude of a 
working fluid in the heat sound engine of drawing 1 . 

[Drawing 3] It is a graph which illustrates correlation with the mean pressure of a working fluid and 
pressure amplitude which carry out self-excited vibration within an air column pipe. 
[Drawing 4] It is a mimetic diagram which illustrates other composition for changing the resonance 
frequency of the working fluid in an air column pipe. 

[Drawing 5] It is an outline lineblock diagram showing a 2nd embodiment of the heat sound engine by 
this invention. 

[Drawing 6l lt is a flow chart for explaining the procedure of changing the mixture ratio of a working 
fluid in the heat sound engine of drawing 5 . 

[Drawing 7l lt is a graph which illustrates correlation with the ratio of argon and the resonance 
frequency of a working fluid in the working fluid in an air column pipe. 
[Description of Notations] 
[0046] 

1 Internal-combustion engine 
1 4 Refrigerant introducing valve 

20 20A Heat sound engine 

21 Air column pipe 

22 Loop part 

23 23A Resonance portion 
23a Tube part 

23b Closed end part 
23c Movable chamber 

23 d Opening 

24 Production-of-electricity controller 

25 Heat accumulator 

26 High-temperature-heat exchanger 

27 Low-temperature heat exchanger 
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28 and 33 Opening and closing valve 

29 and 35 Pump 

30 Working-fluid storage tank 

31 Move pipe 

32 Actuator 

34 Pressure sensor 

36 Working-fluid introduction valve 

50 Fluid decollator 

51 Container 

51 A and 51 H Fluid reservoir room 

52 Demarcation membrane 

53 The 1 st supply valve 

54 The 2nd supply valve 
L1 Feed pipe 

L2 Exhaust pipe 

L3 Cooling system 

L4 Working-fluid pipe 

L5 Working-fluid collection pipe 

L6 and L7 Fluid introducing pipe 

RP Rack and pinion 

TD Transducer 
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